The transparent glasses of composition 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O have been prepared using conventional melt quenching technique (where 0 ≤ x ≤ 25 Li 2 O mol. %). The prepared glass samples were characterized by x-ray diffraction (XRD), differential thermal analysis (DTA), UV-VIS optical absorption and Fourier transform infrared spectroscopy (FTIR). The differential thermal analysis (DTA) studies showed that the glass transition temperature (T g ) decreases from 558K to 546.7K as the content of Li 2 O increases to 25 mol.% Li 2 O . The density and oxygen packing density measurements are found to be increase while the molar volume decreases with increasing of Li 2 O content. The FTIR studies revealed that these glasses consist of Q 3 , Q 2 , Q 1 and Q 0 structural units. Absorbance of investigated glasses was measured and used to estimate their optical absorption coefficient and optical energy gap. The optical studies revealed that the indirect optical band gap (E g ) decreases from 3.33-2.64 eV and Urbach energy increases from 0.46-2.4eV with increase of Li 2 O content from zero to 25 mol.% Li 2 O.
Introduction
The synthesis and physical properties of phosphate glasses have attracted much attention because of their potential application in technology. Phosphate glasses possess a series of interesting and unique physical properties better than other glasses such as hardness, transparency at room temperature, sufficient strength, low glass transition temperature, excellent corrosion resistance, high electrical conductivity, low melting and softening temperature and high thermal expansion [ With the addition of ZnO to phosphate glasses, the P-O-P bonds are replaces by more chemically durable P-O-Zn bond [R. K. Brow et al (1995) ]. The addition of ZnO to phosphate glasses is interesting because the ZnO -P 2 O 5 systems show unusual change in correlation between the structural and optical properties (e.g.: mass density, refractive index and ultraviolet absorption edge) at the metaphosphate composition [P. M. V. Teja et al (2012) ].
In literature we find that the optical property of P 2 O 5 -ZnO -Na 2 O -Li 2 O glass system have not been studied extensively for this reason, the present work gives the preparation of 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O glasses containing varying concentration of Li 2 O reaching to 25 mol.% and the investigation of their structure and optical properties.
Experimental

Preparation of the glasses
The investigated glasses 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O (0 ≤ x ≤ 25) were prepared by the conventional melt quenching technique using high purity analytical grade chemicals (NH 4 ) 2 HPO 4 , ZnO, Na 2 CO 3 and LiCl as the raw material. The appropriate quantity of these chemicals were weighted and mixed in agate mortar and were hand ground for about one hour. The weighted batches were heated in an electric furnace at 673K for 1/2 h in porcelain crucibles to evaporate the ammonia then melted at 1273K for 1 h with intermediate stirring to achieve the homogeneity of the melt. So, samples of the desired shape were obtained by quenching the melt at 623K on a stainless steel mold for 2h to eliminate the mechanical and thermal stresses produced during casting left to cool to room temperature. The 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O glasses varied from 0 to 25 mol. % in steps of 5 mol. %. The prepared glass samples were polished by silicon carbide water proof abrasive papers of various grades ranging between 320 and 1000 to achieve a good optical transparency samples.
Density measurements
The density (ρ) of the glass samples was determined at room temperature by the standard Archimedes principle using toluene as an immersion liquid ( = 0.86455 gm. /cm 3 ). The density was obtained from the relation,
Where, W a is the weight of the glass sample in air, W b is the weight of the glass sample when immersed in toluene. The relative error in these measurements was about 1 mg/cm 3 . Also, the molar volume (V M ) and the oxygen packing density (OPD) of the glass samples were calculated by using the molecular weight (M) and density (ρ) according to the following relations.
and
Where, n is the no. of oxygen atoms per formula unit. 
X-ray Diffraction measurements (XRD)
The amorphous nature of synthesized glass samples was checked by PANalytical X'Pert PRO diffractometer using CuKα target of wavelength 1.5406 A o and scanning rate 2 ⁰/min. XRD patterns were recorded in 2θ range between 4 ⁰ and 80 ⁰.
Differential Thermal Analysis (DTA)
The glass transition temperature (T g ) and the crystallization temperature (T C ), were evaluated for all the glass samples by using SDT Q600 V20.9 and scanned at a heating rate 10 ⁰ C/min.
Infrared absorption measurements (FT-IR)
The infrared absorption spectra of the 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O glasses were measured at room temperature in the wave number range 400-4000 cm -1 by a Fourier transform computerized infrared spectrometer type, JASCO, FT/112 -43, Japan. The prepared glasses were mixed with KBr in the ratio 2 : 200 mg glass powder : KBr, respectively. Then the weighted mixture was subjected to a pressure 5 tons/cm 2 to produce clear homogeneous discs. The infrared absorption measurements were measured immediately after preparing the discs.
Optical properties
The optical absorption of the glass samples were recorded at room temperature using a double beam Cary 100 spectrophotometer (model UV-12) in the wavelength range 200-900 nm. The uncertainty in the wavelength is found to be ±1 nm.
Results and Discussion
Density and molar volume
The values of density (ρ) and molar volume (V M ) of all the glass samples have been calculated and their values are displayed in Table 1 . Variation of density and molar volume with mol. % of Li 2 O is shown in Fig.1 . Density is found an increase with increasing the content of Li 2 O in all glasses. This behavior of density is due to the electron negativity of Zn + (1.65) is the most bigger than Na + (0.93) and Li + (0.98) which is responsible to compact the glass network and increases the density of glasses and also, the field strength of Li 2 O (0.21) attracts the oxygen ions more than Na 2 O (0.17), leading to an increase in the density [P.K. Jha et al (2015)]. The molar volume (V M ) decreases linearly with increasing the Li 2 O content, this indicates a compact structure with less polymerization due to the shortened chain which confirming that the glass network became good compactable . Oxygen packing density (OPD) is a measure of the tightness of packing of the oxide network which increases linearly with increasing the Li 2 O content as in Fig.2 . This also indicates that the structure more packed together. 
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X-ray Diffraction measurements (XRD)
XRD Patterns of the 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O glasses are shown in Fig.3 . The presence of one broad humps in the range of 2θ from 15⁰ to 40⁰ confirming the amorphous nature of the glass. Table 2 & Fig.6 . The value of glass thermal stability H' for the glass sample with Li 2 O content 15 mol. % is found to be maximum, which indicates its highest thermal stability than other glasses. 
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Infrared absorption measurements (FTIR)
FTIR spectra of the 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O glasses with different concentration of Li 2 O mol.% in the frequency range of 400-4000 cm -1 are shown in Fig.7 and tabulated in Table 3 . The FTIR results reveal that the glasses structure network mainly consist of nonbridging bonds with less polymerization, which forms rigid structures due to the shortened chain length. This observation is confirmed by density and molar volume discussion of the investigated glasses. It is observed also from Fig.8 that bonds of (P O P) asymmetric and symmetric stretching modes shift to higher frequency as the Li 2 O mol.% content increases. This shift can be explained to the increase in covalent character of (P O P) bonds and indicates that (P O P) bonds are strengthened as Li 2 O substituted for Na 2 O and P 2 O 5 . 
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Optical properties
The optical measurements are productive tools for understanding the band structure and evaluating the band gap width and optical parameters of both ordered and disordered materials. Fig. 8 (a, b) show the absorbance which has been measured for the 40P 2 O 5 -20ZnO-(40-x)Na 2 O-xLi 2 O glasses. The absorbance is related to the absorption coefficient (α) and the thickness of the sample (t) through the relation eqn. (4):
Where, T is the transmittance, t is the thickness of the glass sample, and A is the absorbance.
The absorption coefficient for the glass samples with different concentration has been calculated as shown in Fig. 9 (a, b) . The relationship between the absorption coefficient and the incident photon energy (hυ) 
Wave numbers (cm where, the const. is dependent on the transition probability, E g is the width of the band gap and n is an index that characterizes the optical absorption processes in all investigated glasses and is equal to 2, 1/2, 3, 3/2 for an indirect allowed, direct allowed, indirect forbidden, and direct forbidden transition respectively [A.F. Qasrawi (2005) ]. For the amorphous material is usually corresponding to the indirect transition hence (αhυ) 1/2 was plotted against hυ as shown in Fig. 10  (a, b) for the 40P 2 O 5 -20ZnO-(40-x) Na 2 O-xLi 2 O glasses. So, the optical band gap energy was calculated for such glasses by linear fitting of the high absorption regions. The intersection on hυ -axis corresponded to the optical band gap E g with (αhυ) 1/2 equals zero. The relation between ln(α) and hυ gives the Urbach energy which is the width of the tail of the localized states in the band gap according to the relation:
ln(α) = ( hυ / E u ) -const (7) In the present study, Urbach energy can be presented as in Fig. 11 (a, b) for samples contain Li 2 O (x = 0, 5, 10, 15, 20, 25 mol. %). It is found that the energy gap E g decreases from 3.33 to 2.64 eV by increasing Li 2 O content and Urbach energy increases from 0.46 to 2.4 eV which are represented in Fig.12 . 
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Conclusion
The structural and optical properties of the 
